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Objectives. To review our experience of conducting auditory brainstem response (ABR) test on children in the operating room
and discuss the beneﬁts versus limitations of this practice. Methods. Retrospective review study conducted in a pediatric tertiary
care facility. A total of 267 patients identiﬁed with usable data, including ABR results, medical and surgical notes, and follow-
up evaluation. Results. Hearing status successfully determined in all patients based on the ABR results form the operating room.
The degrees and the types of hearing loss also documented in most of the cases. In addition, multiple factors that may aﬀect the
outcomes of ABR in the operating room identiﬁed. Conclusions. Hearing loss in children with complicated medical issues can be
accurately evaluated via ABR testing in the operating room. Eﬀorts should be made to eliminate adverse factors to ABR recording,
and caution should be taken when interpreting ABR results from the operating room.
1.Introduction
About 2 to 3 of every 1000 children are identiﬁed with hear-
ing loss at birth each year in the United States, and hearing
impairment is, in fact, the most common sensory deﬁcit in
thepediatric population [1–4].Late-onsethearing lossorac-
quired hearing loss, in addition to congenital hearing loss,
is prevalent as well in young children. For example, hearing
loss associated with otitis media with eﬀusion (OME) can be
seen in 15–40% of children under 5 years [5]. Since hearing
impairmentinearlychildhoodcancausesigniﬁcantdelaysin
speech/languagedevelopments,earlyidentiﬁcationanddiag-
nosis of hearing loss become the initial and a critical step for
proper treatment and habilitation, regardless of the etiology
or the severity of the hearing loss. In clinical audiology, be-
havioralhearingevaluationisconsideredthe“goldstandard”
for evaluating hearing sensitivity in the pediatric population.
During a hearing evaluation, audiologists typically use visual
reinforcement audiometry (VRA), conditioned play audio-
metry (CPA), or conventional pure-tone audiometry to test
children’s hearing. The technique chosen by an audiologist
for a speciﬁc child is usually dependent upon the child’s age
andthechild’sdevelopmentalskilllevel.Duetodevelopmen-
tal and physical limitations, behavioral hearing test such as
VRA is not possible for any young children under six months
of age. Therefore, an electrophysiology-based hearing evalu-
ation such as the Auditory Brainstem Responses (ABR) test
becomes the obvious choice for this population. It can be
very diﬃcult, if not impossible, for audiologists to conduct
behavioral hearing assessments on children with complicat-
ed medical conditions and those who are unable to cooper-
ate for the hearing test. In such cases, ABR test is frequently
chosen as the method to estimate hearing thresholds. Occa-
sionally, ABR test may be requested by physicians to be per-
formedin the operating room in conjunction with other sur-
gical procedures, for which patients are put under general
anesthesia.
While studies have shown that ABR test is a reliable and
an objective method to assess children’s hearing sensitivity
[6–10],theaccuracyofABRresultsobtainedintheoperating
room has been questioned in previous clinical studies since
the ABR outcomes can be aﬀe c t e db ym a n yf a c t o r si nt h e
operating room. Several studies in the past few years sug-
gested that ABR results, obtained in the operating room2 International Journal of Otolaryngology
followingotologicproceduressuchasmyringotomyandtube
placement,canbeinaccurate,overestimatingthehearingloss
in children who have OME [11–13]. To better understand
the beneﬁts and limitations of performing ABR tests in the
operating room, we conducted a comprehensive review of
all ABR tests conducted in the operating room at Children’s
HospitalBostonfrom2007to2010.Indoingso,wesoughtto
identify factors that may have some eﬀects on the outcomes
of ABR test. We also would like to share our clinical exper-
ience of performing ABR testing in the operating room.
2.MaterialsandMethods
A retrospective study, approved by the Institutional Review
Board at Children’s Hospital Boston, was conducted on
children who had ABR test completed in the operating room
in a pediatric tertiary care facility from 2007 to 2010.
2.1. Patient Selection. Our database included 452 ABR tests
completed in the operating room during the study period.
A total of 267 pediatric cases, most of them young children,
were selected for a thorough review and analysis. All selected
cases had suﬃcient information in their medical records,
whichinclude ABR resultsfromthe operating room, medical
and surgical procedure notes, and follow-up evaluation doc-
uments.
2.2. Audiologic Evaluation. All audiological evaluations were
carried out by licensed audiologists. ABR testing in the oper-
ating room was performed after ear examination under the
microscope by a pediatric otolaryngologist while patients
were under general anesthesia. Cerumen was removed when
present before ABR testing. Other otologic procedures, when
deemed necessary, were also performed by attending phys-
icians/surgeons before ABR testing. These procedures in-
cluded myringotomy, suction of middle ear eﬀusion, and
tube placement when necessary. The ABR was recorded with
Bio-logic Navigator Pro Evoked Potential system (Natus
Medical Inc., San Carlos, CA) using Children’s Hospital
Boston pediatric protocol. Speciﬁcally, stimuli (clicks and
tonebursts), calibrated in dB normal hearing level, were pre-
sented at 38.1 per second via insert phones. Electroenceph-
alographic signals were collected via surface electrodes and
averaged. Thresholds of ABR were determined by the lowest
intensity level at which the wave V was present. If the wave V
ofABRwasnotidentiﬁedwiththehighestintensitystimulus,
extra recordings with both rarefaction and condensation
clicks were made to investigate the presence/absence of the
cochlear microphonics. Follow-up audiological evaluation
was conducted during return visit when patients recovered
from the surgical procedures, usually within 3 months. Age-
appropriate behavioral test procedures, for example, VRA,
CPA, or conventional pure-tone audiometry, were typically
performed. In some cases, a repeat of ABR testing was con-
ducted due to inability to complete behavioral tests or lack of
cooperation from the patients. For each patient, frequency-
speciﬁc hearing thresholds were documented and stored for
future analysis.
Table 1: A summary of speciﬁc reasons for ABR testing in the
operating room, with the number of cases in each category listed.
Speciﬁc reasons for ABR test Number of
cases Percentage
Recurrent otitis media 153 57.3%
Neurologic disorders 36 13.5%
Chromosomal anomalies 29 10.9%
Autistic spectrum disorders 16 6.0%
Infectious disease involving
central nerve system 15 5.6%
Global developmental delay 11 4.1%
Head injury/temporal bone
fracture 41 . 5 %
Veriﬁcation of hearing loss for
cochlear implant 31 . 1 %
Total 267 100%
2.3. Data Analysis. Both descriptive and qualitative analysis
was performed in this study. For all patients, clinical diagno-
sis, the types of hearing loss, and the degree of hearing loss,
so forth were summarized. We were able to collect hearing
resultsfromABRcompletedintheoperatingroomandpost-
operative examination from 121 children with OME, and
comparison analysis was conducted for this subgroup of pa-
tients. The mean of thresholds at three frequencies, 1000,
2000, and 4000Hz, was calculated and deﬁned as the aver-
aged hearing threshold. Analysis of variance (ANOVA) and
nonparametric testing (Mann-Whitney U test) was carried
out using the Statistical Package for Social Science (SPSS
v.16.0, SPSS Inc., Chicago, IL) software.
3. Results
3.1.PatientCharacteristics. Amongthe267patientsincluded
inthisstudy,therewere156boysand111girls,withagerang-
ing from 2 months to 18 years. The request for an ABR test
intheoperatingroomwasmadebypatients’attendingphysi-
cians or managing audiologists due to previous unsuccessful
attempt of hearing evaluation and patients’ medical condi-
tion being not suitable for further testing in the clinic. Most
oftheABRtestswerecarriedoutintheoperatingroomwhile
patientswereundergeneralanesthesiaforothermedicalpro-
c ed ur esasw ell.TheABRt estwaspe rf o rmedp rimaril yt oad-
dress the concern of hearing loss. There were a variety of spe-
ciﬁc reasons for clinicians and parents to question patients’
hearingability,summarizedinTable 1.Themajority(57.3%)
of patients had recurrent otitis media, and most of them
needed surgical intervention, such as myringotomy and tube
placement. In these cases, ABR testing was completed after
the surgical procedures to determine their hearing status.
There were 36 patients (13.5% of all cases) with at least one
type of the neurological disorder, who needed the ABR test
in the operating room to ﬁnd out their hearing ability. These
neurological disorders included, but were not limited to,
seizures, cerebral palsy, hydrocephalus, brain hemorrhage,International Journal of Otolaryngology 3
ischemic encephalopathy, Graves disease, Chiari malforma-
tion, and so forth. There were 29 patients, accounted for
10.9% of all cases, who had chromosomal anomalies (e.g.,
Trisomy21orTrisomy18,FragileX,andotherchromosomal
deletions and/or duplications) and related medical issues.
Sixteen patients with autistic spectrum disorders, such as
autismandpervasivedevelopmentaldisorders-nototherwise
speciﬁed (PDD-NOS) needed the ABR test to ﬁnd out if
their hearing was adequate for communication. Fifteen pa-
tients with infectious diseases involving their central nerve
system, such as meningitis and cytomegalovirus (CMV) in-
fection, had ABR test in the operating room to see if their
auditory function was compromised. Eleven children with
the diagnosis of global developmental delay (with not-yet-
identiﬁed causes) needed the ABR test to address the ques-
tion whether they were able to hear adequately for verbal
communication. Moreover, there were four patients with
headinjuryandtemporalbonefracturewhounderwentABR
test in the operating room to determine if hearing loss was
involved. At last, 3 young children with known hearing loss
underwent ABR testing in the operating room to conﬁrm the
degree of hearing loss before cochlear implantation.
3.2. ABR Results. Based on the ABR results, we were able to
determine the degree of the hearing loss for each patient.
Patients’ hearing was categorized according to their averaged
hearing thresholds. Speciﬁcally, we deﬁned the averaged
hearing threshold better than 25dB as normal hearing; the
averaged hearing threshold between 25dB and 40dB as mild
hearing loss; the averaged hearing threshold between 41dB
and 60dB as moderate hearing loss; the averaged hearing
threshold61dBand90dBasseverehearingloss;theaveraged
hearing threshold higher than 90dB as profound loss. Our
results found 58 patients (21.7%) had normal hearing.
Among the other 209 children with hearing loss, 94 patients
(35.2%) were found with mild loss, 75 patients (28.1%) with
moderateloss,21patients(7.9%)withsevereloss,and19pa-
tients(7.1%)withprofoundloss.Inaddition,wewereableto
identifythetypesofhearinglossinmostofourpatients.Over
60% of the children identiﬁed with hearing loss had con-
ductive loss while about 15% of them had sensorineural loss.
In addition, mixed hearing loss was seen in 17 patients
(8.1%). There were 8 patients whose hearing loss was con-
sistent with auditory neuropathy spectrum disorders. Based
on the available results, the type of hearing loss could not be
determinedfortheremaining26patients.Theaboveﬁndings
are summarized in Tables 2 and 3,r e s p e c t i v e l y .
3.3. Identiﬁable Medical Conditions or Events Associated with
Hearing Loss. By reviewing patients’ medical records, we
identiﬁed a number of medical conditions or events that are
known to be associated with hearing loss, as summarized in
Table 4. Over 50% (109 patients) of the patients with hearing
loss were found having OME as a major contributing cause
for hearing losses. There were 21 patients (about 10%) with
syndromic diseases such as CHARGE syndrome and Waar-
denburg syndrome, in which hearing loss is common. Con-
genital CMV and meningitis were diagnosed in 13 patients
Table 2: The distribution of hearing outcomes based on the ABR
test in the operating room.
Degrees of hearing loss Number of cases Percentage
Normal hearing (<25dB) 58 21.7%
Mild loss (25–40dB) 94 35.2%
Moderate loss (41–60dB) 75 28.1%
Severe loss (61–90dB) 21 7.9%
Profound loss (>90dB) 19 7.1%
Total 267 100%
Table 3: Diﬀerent types of hearing loss found in 209 patients.
Types of hearing loss Number of
cases Percentage
Conductive 126 60.3%
Sensorineural 32 15.3%
Mixed 17 8.1%
Auditory Neuropathy
Spectrum Disorders 83 . 9 %
Undetermined 26 12.4%
Total 209 100%
Table 4: A list of medical conditions events contributing to hearing
loss.OME:otitismediawitheﬀusion;ECMO:extracorporealmem-
brane oxygenation treatment; CMV: cytomegalovirus infection.
Medical conditions/events
associated with hearing loss Number of cases Percentage
OME 109 52.2%
Syndromic diseases 21 10.1%
CMV and bacterial meningitis 13 6.2%
Metabolic diseases 9 4.3%
Ototoxicity 9 4.3%
ECMO 8 3.8%
Temporal bone/inner ear
structural anomalies 73 . 3 %
Others 33 15.8%
Total 209 100%
with hearing loss while metabolic diseases were seen in 9
children with hearing loss. There were 9 patients with hear-
ing loss who had a history of chemotherapy and/or antibi-
otics treatments, which were known to be ototoxic and can
cause signiﬁcant hearing loss. Moreover, 9 children with
hearinglosspreviouslyunderwentextracorporealmembrane
oxygenation (ECMO) treatment. Inner ear structural ano-
malies in the temporal bone, such as enlarged vestibular
aqueduct and malformed cochlea, were found in 9 patients
with hearing loss. Other medical issues, such as neonatal
hypoxia,prematurity,andhyperbilirubinemia,werenotedin
the remaining 33 patients with documented hearing loss.
3.4.PossibleFactorsAﬀectingtheABROutcomesintheOperat-
ing Room. During our recordings of ABR in the operating4 International Journal of Otolaryngology
Table 5: Potential factors aﬀecting ABR outcomes in the operating room.
Potential eﬀects on ABR
Surgical-related factors
Surgical procedures Temporary shift in thresholds
Middle ear eﬀusion Elevation of thresholds
Use of anesthesia medication Poor ABR recording
Equipment-related factors
Power source 60Hz interference on ABR recording
Medical devices used in the operating
room Electromagnetic interferences
Patients’ own medical devices Electromagnetic interferences
High level background noises Elevation of low-frequency ABR thresholds
Patients’ physiologic and neurologic
status
Changes in blood oxygen level, blood
pressures and body temperature, and so
forth.
Poor ABR waveforms, delays in ABR latencies,
and reduction of ABR amplitude.
room, we observed several factors that could aﬀect the out-
comes. First, the background noise level in the operat-
ing room, in some cases, was extraordinarily high due to the
use of multiple medical devices, which could create elevat-
ed ABR thresholds at lower frequencies such as 500 and
1000Hz. Second, electromagnetic interferences from power
sources, medical equipment in the operating room, and
patients’ own medical devices (such as pacemaker and vagal
nervestimulator)coulddegradeABRresponses,whichmade
the ABR waveforms unclear and diﬃcult to read, result-
ing in overestimation of hearing loss. Third, the presence
of middle ear ﬂuid could inﬂuence the hearing results from
the ABR testing even if the ﬂuid was removed surgically,
more signiﬁcant in the cases with mucoid than in the cases
with serous eﬀusion. Finally, the ABR could be aﬀected by
patients’ physiological and neurological status which might
be altered by anesthesia medications. These factors are
summarized in Table 5.
3.5. Comparison Analysis. Since the majority of our patients
had OME, we decided to do further analysis on this group
to see if there were any other factors of signiﬁcance. Among
the 153 children with suspected OME, we were able to collect
pre- and postoperative hearing results in 121 patients. We di-
vided them into three groups based on the procedures they
receivedintheoperatingroom.Group1included47patients
(69 ears) who underwent microscopic examination with no
middle ear eﬀusion found; Group 2 included 13 patients (18
ears) who underwent myringotomy only with no tube place-
ment;Group3included61patients(83ears)whounderwent
myringotomy and tube placement. For patients in Group
1, the averaged hearing threshold from ABR was 3.5dB
(±3.5) higher than the follow-up audiological evaluation. In
Group 2, the averaged hearing threshold from ABR was
4.0dB (±3.5) higher than the follow-up audiological eval-
uation. In Group 3, the averaged hearing threshold of ABR
from the operating room was 9.4dB (±10.6) higher than
the follow-up audiological evaluation. Comparison analysis
showed that the averaged hearing threshold discrepancy bet-
ween ABR from the operating room and the follow-up
audiological evaluation was signiﬁcantly diﬀerent among the
three groups (P<0.01).
Althoughtheaveragedhearingthresholddiscrepanciesbet-
ween the ABR from the operating room and the follow-up
audiological evaluation seemed to be relatively small in all
groups, the results varied greatly among patients. Across the
three groups, there were 16 ears that had average hearing
threshold diﬀerence of greater than 20dB, with the majority
of these ears being patients in Group 3. In all groups,
threshold discrepancy between the ABR from the operating
room and the follow-up audiological evaluation was notably
higher at 1000Hz than that at 2000 and 4000Hz.
4. Discussion
One common goal in identiﬁcation of hearing loss in chil-
dren among hearing care professionals, including otolaryn-
gologistsandaudiologists,ismakinganaccuratediagnosisas
earlyaspossiblesothatchildrenwithhearinglosscanreceive
appropriate treatment and habilitation to avoid delays in
speech and language development. Clinically, audiologists
will choose age-appropriate behavioral evaluation methods
toobtainhearingthresholds.ABRtestmaybeusedincertain
cases for diﬃcult-to-test children to estimate their hearing
sensitivity although its value remains debatable among pro-
fessionals when it is used in the operating room.
Our experience of performing ABR testing in the operat-
ingroom,asshowninourstudy,ismostlysuccessful,andour
ﬁndings are tremendously valuable in clinical care of pedia-
tric patients with hearing concerns. Not only are we able to
deﬁne the hearing status for the most diﬃcult-to-test child-
ren with a variety of serious medical issues, but we are also
able to determine the degree and the type of hearing loss for
the majority of the patients. By doing so, we have provided
appropriate recommendations for their much needed treat-
mentandhabilitation.Atthesametime,wealsogainedmore
knowledge of medical conditions and events that are linked
to hearing loss.
While we are conﬁdent in the justiﬁcation of using ABR
intheoperatingroom[14,15],weremainawareoftherecent
clinical studies which have revealed signiﬁcant discrepancies
between ABR results obtained in the operating room and
the results obtained in the follow-up period. These studies
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obtained in the operating room [11–13]. Therefore, we sys-
tematically investigated the ABR results from the operating
room and follow-up audiologic evaluation in a large group
of cases. We found that hearing thresholds obtained from the
ABRtestsintheoperatingroomweresigniﬁcantlyelevatedin
patients who underwent myringotomy plus tube placement.
Ontheotherhand,minimaldiscrepancies,smallerthan5dB,
were found in the majority of patients without middle ear
eﬀusion and surgical procedures involved. Our ﬁndings also
suggest that the elevated ABR thresholds in the operating
room are most often temporary and usually resolve within a
shorttimeperiodaftertheirsurgery.Mechanismsofthetem-
poraryshift inhearing mayinclude (1)theexistence ofresid-
ual ﬂuid in the middle ear space following the surgical pro-
cedures; (2) the high-intensity noises created by suction,
whichcouldcauseanoise-inducedtemporarythresholdshift
in hearing [11, 16]; (3) swelling and inﬂammation of the
membranes in the middle ear created by suctioning of ﬂuid
and insertion of ear tubes.
Performing ABR testing in the operating room can be, at
times, a challenge. Through the process of conducting hun-
dreds of ABR tests in the operating room, our audiology staﬀ
has experienced their success and diﬃculties in this task and
o u rb e s tp r a c t i c eh a v ee v o l v e d .E ﬃciency of troubleshooting
adverse ABR recording conditions, for example, eliminating
electromagnetic inferences and minimizing factors or events
that may degrade ABR waveform, has improved among our
audiologists. ABR testing in the operating room, unlike the
behavioral hearing tests, is not a direct measure of patients’
hearing sensitivity. Accordingly, audiologists have to adjust
their routine in explaining the audiologic results, improve
their counseling skills, and provide more appropriate recom-
mendations regarding patients’ hearing loss to their parents.
At last, better coordination and communication with other
medical professionals in the operating room, such as the
nurses, the surgeons, and anesthesiologists, is a key for audi-
ologiststoachievethegoalofaccuratehearingassessmentfor
children with complicated medial issues.
5. Conclusion
Based on our study, we have concluded that ABR testing can
be successfully performed in the operating room when inter-
ference factors are properly addressed. In fact, hearing thre-
sholds can be accurately estimated based on the outcomes of
ABR conducted in the operating room under the right cir-
cumstances, for example, in the absence of middle ear eﬀu-
sion or surgical procedure involved. In addition, the degrees
and the types of hearing loss can be determined in most of
the cases. When myringotomy and tube placement are done
prior to the ABR testing, follow-up hearing evaluation when
the ear is cleared and healthy, either by behavioral tests or by
ABR testing, is necessary to determine a patient’s true hear-
ing thresholds or to conﬁrm the hearing loss established by
the ABR results from the operating room. Caution should
be taken when interpreting the ABR results from the operat-
ing room, and appropriate parental counseling must be pro-
vided. It has to be noted that there are times in which ABR
testintheoperatingroomistheonlyoptiontoassessachild’s
hearing ability.
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